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ABSTRACT 



Though there have been many efforts to reform science 



teaching at the K-12 level over the past decade so that all students can 
engage in meaningful science activity and become scientifically literate, 
colleges and universities are just beginning to redesign their science 
curriculum and instruction. This paper examines the structures, practices, 
and pedagogical approaches of a reform-based college science classroom and 
illuminates the pathways and roadblocks to the participation of females in 
this context. An investigation is made into how the instructional practices 
of inquiry, project, and technology-based college science courses facilitated 
the legitimate participation of females in science activity and discourse. 

The study focused on one science classroom in which students were provided 
with opportunities to engage in inquiry and project-based activities and use 
technology to collect data and communicate with others. Several 
methodological approaches were used in this study including classroom 
observation, interviews with participants in the course, and analysis of 
pertinent documents. (Contains 28 references.) (SAH) 



Reproductions supplied by EDRS are the best that can be made 
from the original document. 



ED 452 053 



1 Davis & Irwin 



Building a Bridge for Females 
to Equitable, Inclusive, and Participatory Science Activity 



by 

Kathleen S. Davis 

University of Massachusetts, Amherst 
& 

Chris Irwin 

University of Massachusetts, Amherst 



Kathleen S. Davis 

TECS Department, School of Education 
University of Massachusetts, Amherst 
Amherst, MA 01003 
413-577-2317 
kdavis@educ.umass.edu 



Chris Irwin 

TECS Department, School of Education 
University of Massachusetts, Amherst 
Amherst, MA 01003 



PERMISSION TO REPRODUCE AND 
DISSEMINATE THIS MATERIAL HAS 
.BEEN GRANTED BY 

1 / , 






TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC) 




U.S. DEPARTMENT OF EDUCATION 
Office of Educational Research and Improvement 
EDUCATIONAL RESOURCES INFORMATION 
CENTER (ERIC) 

Tis document has been reproduced as 
received from the person or organization 
originating it. 

Minor changes have been made to 
improve reproduction quality. 



Points of view or opinions stated in this 
document do not necessarily represent 
official OERI position or policy. 



Paper presented at the Annual Meeting of the National Association of Research in 
Science Teaching, March 28, 2001, St. Louis, MO 

BEST COPY AVAILABLE 





Introduction 

Though reformers seek to facilitate the legitimate participation of all individuals 
in science (AAAS, 1989), research describes the disproportionately low participation 
rate of females and minorities (i.e., African Americans and Hispanics) in SMET 
courses, educational programs, and careers (NSF, 1999). For example, though women 
comprise 46% of the labor force, only 22% are scientists and engineers. People of color 
comprise 23% of the U.S. population, yet they constitute only 6% of those working in 
SMET. 

Researchers have illuminated many factors that contribute to the construction of 
boundaries within the science community and the subsequent insider/ participant 
status for some groups and peripheral/ outsider status for others. Structures and 
practices have often inhibited and/or blocked females' and minorities' engagement in 
science practices instead of providing pathways (Harding, 1991; Oakes, 1990a, 1990b; 
Sadker, Sadker, & Klein, 1990; Seymour, 1995). Social structures, power relations, 
instructional practice, and requirements for legitimacy define what is possible for 
acquisition of knowledge and skills, identity development, and participation in 
science (Lave & Wenger, 1991). 

Inclusive Pedagogy 

Institutions and organizations, and the individuals who comprise them (i.e., 
teachers) can provide access to learning opportunities as well as jobs, and funding 
(Davis, 1999; Stanton-Salazar, Vasquez, & Mehan, 1995). Thus, the pedagogical 
approaches used by teachers can be key to providing inclusive/ exclusive contexts. 

For example, pedagogy that portrays learning as "received and reproductive” rather 
than "authentic and constructed" (Hildebrand, 1998, p. 349) may lead individuals to 
see only the experiences, thoughts, and ideas of others as valued and fail to see a 
legitimate place for themselves within science. 

Researchers working from a feminist perspective (Davis, 1999; 

Hildebrand, 1998; Rouchoudary, Tippins, & Nichols, 1995) have proposed 
inclusive pedagogical approaches where students use the knowledge, skills, and 
tools of science in relevant inquiry and engage in diverse ways of talking and 
thinking. 

Inquiry is a concept that encompasses a broad field of meaning and 
methodology, and to think of it as a single pedagogical 'approach' is problematic 
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at best. There are many dimensions to and interpretations of inquiry, but 
knowing that science is a continuing process of inquiry, and that the process of 
questioning is central to inquiry teaching and learning, will assist us in 
describing the features of inquiry-based learning. 

The National Science Standards (NRC, 1996) describes inquiry as: 

. . . the activities of students in which they develop knowledge and 
understanding of scientific ideas, as well as an understanding of 
how scientists study the natural world. Inquiry is a multifaceted 
activity that involves making observations, posing questions, 
examining books and other information sources to see what is 
already known, planning investigations, reviewing what is already 
known in light of experimental evidence, using tools to gather, 
analyze and interpret data, proposing answers, explanations and 
predictions, and communicating results. Inquiry requires 
identification of assumptions, use of critical and logical thinking, and 
consideration of alternative explanations, (p. 23) 

Classroom inquiry builds on students' own curiosity; curriculum content 
is connected to and arises from student activity. Student ownership and 
responsibility for learning are other key ideas in inquiry (Magnusson & 

Palinscar, 1995). Patterns of classroom inquiry can shift from a more teacher- 
guided inquiry process through increasing levels of more student-directed 
inquiry, with the classroom teacher scaffolding the inquiry process, relinquishing 
more and more control to students as they become more experienced and 
efficient at directing their own inquiry activity. Following this technique, early 
stages of inquiry are heavily scaffolded, using teacher-posed situations and 
questions to provide modeling and support as students gain experience in the 
inquiry process, with students eventually conducting independent inquiry on 
questions of their own design (Metz, in press; White & Frederiksen, in press). 

Inquiry teaching and learning incorporates experiences that allow for the 
development in the science process skills as described by Padilla (1991) as well as 
learning to organize and complete inquiry investigations. Students practice these 
skills of inquiry in small ways and then apply them in full recursive cycles of 
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inquiry. Students learn how to pose and answer research questions, conjecture 
hypotheses, collect and analyze data, construct models and apply or test them in 
related situations, and generate new questions for further investigations. 
Students engaged in inquiry-based learning come to appreciate the nature of 
science methodology, become actively engaged in scientific inquiry, and gain 
confidence in their ability to become independent learners (Skolnik, 1995). 

A feminist epistemology suggests that, as students engage in inquiry, they 
do so within open-ended projects where science learning is situated in their lived 
experiences, projects are long enough to allow a sense of bonding and connection 
with learning experiences, and a cooperative and supportive environment is 
provided. Qassroom tasks associated with inquiry include hands-on laboratory 
work, making graphs and charts, writing descriptions, report writing, general 
discourse, cooperative small group work, procedures for facilitating the 
interaction of existing student knowledge, and tasks that encompass higher order 
thinking as outlined by Resnick (1987 in Flick 1995) that requires nonalgorithmic, 
complex, multiple paths for solution, application of multiple criteria, uncertainty, 
self regulation of thinking processes, negotiating and imposing meaning, and 
effortful activity. 

As educators seek inclusive pedagogical approaches, they must consider 
what elements are key to their students' full and legitimate science activity and 
participation. In previous work, the first author (Davis, 1999, Davis, in press) has 
used legitimate participation in a community of practice as a theoretical model to 
explore student learning, identity development, inclusive practice and equitable 
social structures. Such a model suggests that through "engagement in social 
practice" and activity with experts and novices within a community of practice, 
such as science, individuals are provided with an open door to sources of 
knowledge and understanding (Lave & Wenger, 1991). 

Full and legitimate participation in practice involves "becoming part of the 
community" and an "increasing sense of identity as a master practitioner" (Lave 
& Wenger, 1991, p. 111). (Italics are in the original.) A master or mature 
practitioner in the science community includes: (a) being skilled and 
knowledgeable about activities, tasks, tools, and understandings valued within 
science; (b) interacting and contributing within the profession and being seen as 
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a valued member and participant in the change and construction of new and 
evolving capital, values, structures, practices, and membership of the science 
community; and (c) knowing what constitutes the structures and everyday 
practices of science including the tacit, implicit, indescribable competencies and 
unexamined ways of being a member (i. e.,; how novices become masters; how, 
when, and about what long-time members of the science community collaborate 
and disagree and what they enjoy, value, admire, reject, and ignore; where are 
the valuable contexts in which to do, present, and publish one's work) 
(Delamont, 1989; Lave & Wenger, 1991; Tonso, 1997). 

Thus, a developed sense of community, an atmosphere of mutual respect 
and trust, shared leadership, cooperative structures, and integration of cognitive 
and affective learning, and action are key to equitable participation (Davis, 1996; 
Schniedewind, 1983). Educators must provide a context that is equitable, 
participatory, and autonomous so that the voices of all groups are acknowledged 
and valued. As mentors, educators must make explicit the ways and practices of 
science, including the bias, sexism, and racism there, and listen to, support, and 
provide pathways for students as they express their goals and needs (Davis, 

1999; Davis, in press). 

Purpose 

Though there have been many efforts to reform science teaching at the K-12 
levels over the last decade so that all students engage in meaningful science 
activity and become scientifically literate (AAAS, 1989; NRC, 1996), colleges and 
universities are just beginning to redesign their science curriculum and 
instruction. In this paper, we critically examine the structures, practices, and 
pedagogical approaches of a reform-based college science classroom, and we 
illuminate the pathways and roadblocks to the participation of females in this 
context. We investigate how the instructional practices of an inquiry-, project, 
and technology-based college science course facilitated the legitimate 
participation of females in science activity and discourse. 

Methods 

The study focused on one science classroom where students were 
provided with opportunities to engage in inquiry- and project-based activities 
and use technology to collect data and communicate with others. Several 
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methodological approaches were used in this study: classroom observation, 
interviews of the educators and students participating in the course, and analysis 
of pertinent documents. 

Study Site — New England College 1 

The site of this study was a college, freshman-level Marine and Fresh 
Water Ecology and Conservation course taught during the Fall 1999 semester at a 
small. New England College (NEC), a private college in the northeastern United 
States. NEC and the Marine Ecology course were chosen for several reasons. 

First of all, faculty in the Natural Sciences at this institution believed that science 
is best learned though student-initiated and student-designed projects that are 
interdisciplinary and carried out in the laboratory and/or the field. Five goals 
guided the development of Natural Science Division I (first year) courses. They 
are to: 

1. Engage students in active and individualized scientific 
inquiry — students will ask their own questions about the natural 
world and attempt to answer them individually or in groups . Students 
engage with the material to a depth where they have a sense of 
ownership. 

2. Help students gain a clear sense of the scientific process — science is not 
merely about learning facts. Instead, science is an active process 
involving repeated cycles of making observations, defining 
hypotheses, collecting and analyzing data, revising ideas, and 
developing better hypotheses. 

3. Help students see their projects in broader contexts — students are 
expected to consider the ecological, sociocultural, historical, political- 
economic, and policy contexts in which science takes place. 

4. Develop students' ability to use quantitative information — students 
should reach a level of increased understanding of why and how 
quantitative analyses play key roles in scientific investigations. 

5. Develop students' oral and written communication skills — students 
should be able to a) identify and locate literature and relevant source 
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